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1. I N T R O D U C T I O N  

Space  v e h i c l e s  A S  205 and AS 208 a re  p l a n n e d  as  t h e  
f i r s t  Apo l lo  r endezvous  m i s s i o n  ( A S  2 5 8 ) .  That  m i s s i o n  Is t o  
( a )  d e m o n s t r a t e  and v e r i f y  t h e  f u n c t i o n a l  c a p a b i l i t y  and ope ra -  
b i l i t y  o f  t h e  Block I1 CSM and LM and ( b )  p r o v i d e  f l i g h t  crew 
t r a i n i n g  and development  of r endezvous  t e c h n i q u e s  a p p l i c a b l e  
t o  p o s s i b l e  l u n a r  l a n d i n g  m i s s i o n  r endezvous  s i t u a t i o n s .  A 
brief d i s c u s s i o n  of t h e  Miss ion  P l a n ,  as  i t  a f f e c t s  l a u n c h  
o p p o r t u n i t i e s ,  i s  i n c l u d e d .  

and t h e  l i m i t e d  l a u n c h  windows g e n e r a t e  o p e r a t i o n a l  problems 
no t  h e r e t o f o r e  e n c o u n t e r e d  on s i n g l e  S a t u r n  l a u n c h e s .  A 
Rendezvous M i s s i o n  Sub-working Group has been  e s t a b l i s h e d  unde r  
t h e  KSC Apol lo  T e s t  I n t e g r a t i o n  Working Group t o  i n v e s t i g a t e  
s u c h  o p e r a t i o n a l  problems.  
d i s c u s s e s  p o t e n t i a l  AS 258 problem areas  b e i n g  p u r s u e d  by t h a t  
Working Group. A s  n o t e d ,  s o l u t i o n s  have been  d e v i s e d  f o r  some 
with o t h e r s  r ema in ing  a s  con t inu i r ig  a c t i o n  items. 

The s h o r t  s chedu led  i n t e r v a l  between t h e  two l a u n c h e s  

T h i s  memorandum i d e n t i f i e s  and 

2 .  MISSION PLAN 

a.  G e n e r a l  

A S  205, t o  b e  l aunched  from LC 34, i s  t o  i n s e r t  t h e  
CSM i n t o  a n e a r - c i r c u l a r  1 0 5  n a u t i c a l  m i l e  o r b i t .  
s c h e d u l e d  t o  b e  launched  from LC 37 a p p r o x i m a t e l y  one day l a t e r ,  
1.s t o  i n s e r t  t h e  LM i n t o  a 110 n a u t i c a l  m i l e  o r b i t  and l e a d i n g  
t h e  CSM by 60 n a u t i c a l  m i l e s .  The M i s s i o n  P l a n  d e t e r m i n e s  t h e  
l e n g t h  and s p a c i n g  o f  t h e  l aunch  o p p o r t u n i t i e s .  More 
s p e c i f i c a l l y ,  i t  d e t e r m i n e s :  

AS 208,  

(1) The l e n g t h  and time o f  day of t h e  AS 205 (CSM) l a u n c h  

( 2 )  The i n t e r v a l  between t h e  A S  205 l a u n c h  and t h e  f i r s t  

window. 

A S  208 (LM) l a u n c h  window. 
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( 3 )  The l e n g t h  o f  t h e  AS 208 l a u n c h  windows, and 

( 4 )  The i n t e r v a l  between s u b s e q u e n t  A S  2 0 8  l a u n c h  windows. 

Before  i d e n t i f y i n g  t h e  o p e r a t i o n a l  c o n s t r a i n t s  imposed 
by t h e s e  l a u n c h  o p p o r t u n i t i e s ,  t h e  l a u n c h  window dependence  
on t h e  M i s s i o n  P l a n  i s  d i s c u s s e d .  The sequence  o f  e v e n t s  f rom 
AS 2 0 5  l a u n c h  t o  f i r s t  r endezvous  a re  i n c l u d e d  as Appendix A 
f o r  i n f o r m a t i o n .  These  a r e  based on i n f o r m a t i o n  p r o v i d e d  by 
t h e  Rendezvous A n a l y s i s  Branch,  Miss ion  P l a n n i n g  and A n a l y s i s  
D i v i s i o n ,  MSC,  t o  t h e  KSC Rendezvous Sub-working Group on 
December 7 ,  1966.  

b .  CSM Launch Window 

Launch a b o r t  r e c o v e r y ,  M i s s i o n  r e c o v e r y ,  and l i g h t i n g  
c o n d i t i o n s  f o r  t h e  t e r m i n a l  p h a s e  of t h e  f i rs t  r endezvous  
e s t a b l i s h  t h e  AS 205 l aunch  window. T h e s e  f a c t o r s  e s t a b l i s h  
t h e  l a u n c h  window as f o l l o w s :  

Beginning  o f  D a i l y  Launch Window 

(1) L i g h t i n g  i n  t h e  r e c o v e r y  area a f t e r  a 1 0  day  
m i s s i o n .  CSM r e - e n t r y  t o  the  West A t l a n t i c  r e c o v e r y  area i s  
p l a n n e d  a f t e r  1 5 0  r e v o l u t i o n s  b 2 3 6  h o u r s  ground e lapsed  t ime 
( G . E . T . ) .  

End o f  D a i l y  Launch Window 

(1) L i g h t i n g  i n  down r a n g e  a b o r t  r e c o v e r y  areas 
( d a y l i g h t  d e s i r e d ) .  

( 2 )  L i g h t i n g  f o r  t e r m i n a l  p h a s e  o f  r endezvous ;  
minimum time of 20 m i n u t e s  allowed between c o n s t a n t  d e l t a  h e i g h t  
( C D H )  and t e r m i n a l  phase  i n t e r c e p t  ( T D I )  maneuvers .  (See 
Event  #20  i n  Appendix A . )  

A S  258 i s  p r e s e n t l y  p l anned  as a summer m i s s i o n .  The 
above  c o n d i t i o n s  t h e n  e s t a b l i s h  a 1 1 / 2  hour  l a u n c h  window 
be tween 1 0 0 0  and 1 1 3 0  EST for A S  2 0 5 .  A d e l a y  from t h e  p l a n n e d  
l a u n c h  t i m e  of AS 205 w i l l  c a u s e  a minu te - fo r -minu te  s l i p  o f  
a l l  AS 208 l a u n c h  windows. 

c .  AS 208 Launch Windows 

A s  no ted  i n  Events  15 ,  1 6 ,  and 19 of  Appendix A ,  t h e  
nominal  m i s s i o n  c a l l s  for i n s e r t i o n  o f  t h e  S-IVB/LM ( A S  2 0 8 )  
i n t o  a 1 1 0  n a u t i c a l  mile c i r c u l a r  o r b i t  and l e a d i n g  t h e  CSM by 
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60 miles  ( A H  % 1 0  NM). LM i n s e r t i o n  i s  t o  be  f o l l o w e d  9 m i n u t e s  
l a t e r  by a CSM maneuver (AV Q 35 FPS p o s i g r a d e )  t o  p lace  it i n  
a n  e q u i - p e r i o d  o r b i t  w i t h  t h e  LM. One o r b i t  l a t e r ,  t h e  CSM 
pe r fo rms  a c o n s t a n t  d e l t a  h e i g h t  ( C D H )  maneuver t o  place i t  i n  
a c o e l l i p t i c  o r b i t  w i t h  t h e  LM. 

The b e g i n n i n g  o f  t h e  LM l a u n c h  windows i s  gove rned  by 
t h e  geometry  which w i l l  a l l o w  a nominal  i n s e r t i o n  o f  t h e  LM 60 
n a u t i c a l  miles  ahead o f  t h e  CSM. The KSC CSM o r b i t  n o d a l  c r o s s -  
i n g s  w i l l  s a t i s f y  t h i s  c o n d i t i o n  twice da i ly- -which  r e p r e s e n t  
LM l a u n c h  a z i m u t h s  o f  a p p r o x i m a t e l y  8 3  and  96 d e g r e e s .  The 
t i m e  between these  n o d a l  c r o s s i n g s  i s  a b o u t  94 m i n u t e s .  Thus,  
LM (AS 2 0 8 )  l a u n c h  windows w i l l  o c c u r  t w i c e  d a i l y ,  94 m i n u t e s  
apa r t .  As t h e  LM l a u n c h  is  d e s i r e d  one  day  a f t e r  t h e  CSM l a u n c h ,  
i t s  f i rs t  l a u n c h  window w i l l  o c c u r  a b o u t  23  h o u r s ,  27 m i n u t e s  
a f t e r  t h e  CSM l a u n c h .  T h e o r e t i c a l l y ,  t h e  LM d a i l y  l a u n c h  
windows would c o n t i n u e  th roughou t  t h e  m i s s i o n  p e r i o d .  I n  
p r a c t i c e ,  p r o g r e s s  o f  t h e  m i s s i o n  and  hardware d e g r a d a t i o n  
would have t o  be e v a l u a t e d  t o  d e t e r m i n e  how l a t e  i n  t h e  m i s s i o n  
p e r i o d  t h e  LM c o u l d  be l aunched .  

The o t h e r  i m p o r t a n t  a s p e c t  o f  t h e  LM l a u n c h  windows 
i s  t h e  l e n g t h  of t h e  i n d i v i d u a l  windows. The b e g i n n i n g  of t h e  
LM l a u n c h  window r e p r e s e n t s  t h e  time a t  which a nominal  l a u n c h  
o f  t h e  LM would i n s e r t  i t  60 n a u t i c a l  miles ahead o f  t h e  CSM. 
Any apprec iab le  d e l a y  i n  t h  LM l a u n c h  from i t s  p lanned  T-0 
w i l l  t h e n  r e q u i r e  p h a s i n g  o r b i t ( s )  t o  p r o p e r l y  p o s i t i o n  t h e  
LM/CSM f o r  t h e  t e r m i n a l  phase  i n t e r c e p t  maneuver.  The q u e s t i o n  
is--how much d e l a y  i n  t h e  LM l a u n c h  can  b e  t o l e r a t e d ?  
Seven  and one-ha l f  t o  e i g h t  hour s  i s  c u r r e n t l y  used  f o r  p l a n n i n g  
as t h e  estimate o f  t h e  S- IVB o r b i t a l  l i f e t i m e .  Rendezvous must 
be  accompl i shed  i n  t h i s  p e r i o d .  I n  t h e  nominal  m i s s i o n ,  w i t h o u t  
p h a s i n g  o r b i t s , r e n d e z v o u s  would o c c u r  a b o u t  3 h o u r s  a f t e r  t h e  
LM l a u n c h .  P r e s e n t  p l a n n i n g  a l l o w s  a maximum o f  2 p h a s i n g  o r b i t s .  
(No te :  Three p h a s i n g  o r b i t s  would accompl i sh  r endezvous  7 1 / 2  
h o u r s  a f t e r  l a u n c h ,  or a t  t h e  end o f  t h e  S-IVB o r b i t a l  l i f e t i m e ) .  
The l e n g t h  o f  t h e  LM l a u n c h  window w i l l  t h e n  be dependent  on 
t h e  ca t ch -up  r a t e  o f  t h e  p h a s i n g  o r b i t s .  P h a s i n g  w i l l  be 
a c c o m p l i s h e d  by r a i s i n g  t h e  CSM o r b i t  apogee .  R a d i a t i o n  con- 
s i d e r a t i o n s  and  R C S  d e - o r b i t  c a p a b i l i t y  l i m i t  t h e  p h a s i n g  o r b i t  
apogee  t o  t h e  loo-500 n a u t i c a l  mi l e  r a n g e .  (Note :  A s  AS 205  
i s  a manned CSM, t h e  p h a s i n g  o r b i t  apogee  w i l l  be  l i m i t e d  t o  a 
h e i g h t  f rom which d e - o r b i t i n g  c a n  be accompl i shed  by  t h e  R C S  
w i t h  one  quad  o u t  s h o u l d  t h e  SPS f a i l ) .  The maximum ca tch -up  
r a t e  i s  t h e n  a b o u t  7 m i n u t e s  p e r  o r b i t .  With two p h a s i n g  o r b i t s ,  
t h e  maximum d e l a y  of t h e  LM l aunch  t h a t  c a n  be accommodated i s  
1 4  minu tes - -o r ,  each  o f  t h e  LM l a u n c h  windows i s  o f  1 4  m i n u t e s  
d u r a t i o n .  



BELLCOMM, I N C .  - 4 -  

3. OPERATIONAL C O N S I D E R A T I O N S  

The p l anned  l a u n c h e s  of AS 205  and 208 one day  a p a r t  
t h e n  r e q u i r e s  d u a l  p r e p a r a t i o n  o f  t h e  two s p a c e  v e h i c l e s ,  
i n c l u d i n g  o v e r l a p  i n  t h e  countdown d e m o n s t r a t i o n  t e s t s  (CDDT's) 
and countdowns. The o p e r a t i o n a l  p r o c e d u r e s  and  f a c i l i t y  l o a d i n g s  
must b e  examined t o  d e t e r m i n e  any  c o n s t r a i n t s  imposed by t h e  
p r e s e n t  s y s t e m s  c o n f i g u r a t i o n s .  Some of t h e  areas r e q u i r i n g  
e x a m i n a t i o n  are:  

Flow Chart  

High p r e s s u r e  g a s e s  and c r y o g e n i c s  
Data r e d u c t i o n  
Communications r e q u i r e m e n t s  
T a r g e t i n g  pa rame te r  u p d a t e  
B u i l t - i n  h o l d  ph i losophy  
Launch crew a v a i l a b i l i t y  
MSC/GSFC i n t e r f a c e s  
Hold/Recycle  c a p a b i l i t y  
C-Band and t r a c k i n g  r e q u i r e m e n t s  

These  p o t e n t i a l  problem areas a re  d i s c u s s e d  i n  more 
d e t a i l  i n  t h e  f o l l o w i n g  p a r a g r a p h s ,  i n c l u d i n g  t h e  s t a t u s  o f  
t h e i r  i n v e s t i g a t i o n .  T h i s  d i s c u s s i o n  i s  p r i m a r i l y  d i r e c t e d  a t  
i d e n t i f i c a t i o n  o f  t h e  p o t e n t i a l  p rob lem areas and t h e i r  i m p a c t .  
It  can  be e x p e c t e d  t h a t  i n  most cases t h e  i n v e s t i g a t i o n  w i l l  
r e v e a l  t h a t  c o n s t r a i n t s  do not  e x i s t ,  or t h a t  work-arounds c a n  
b e  d e v i s e d .  

4 .  FLOW CHART 

A p r e l i m i n a r y  AS 258 f l o w  c h a r t  has been p r e p a r e d  
( d a t e d  November 2 2 ,  1 9 6 6 )  and a copy i s  i n c l u d e d  as  Appendix B 
for i n f o r m a t i o n .  A t  t h i s  time, t h e  f l o w  c h a r t  i s  b e i n g  reviewed 
t o  d e t e r m i n e  i f  r ea l  c o n s t r a i n t s  e x i s t  i n  s u c h  areas as hype r -  
g o l i c  l o a d i n g ,  o v e r l a p  of C D D T ' s  and  MCC-H i n t e r f a c e  t e s t s .  T h i s  
flow c h a r t  i s  by no means f i n a l ,  b u t  a c o n c e r t e d  e f f o r t  i s  b e i n g  
made t o  p roduce  a r e a l i s t i c  f low c h a r t  which c o n s i d e r s  a l l  t h e  
p r a c t i c a l  p roblems i n v o l v e d .  P r o d u c t i o n  o f  a f i n a l  f l o w  c h a r t  
r e m a i n s  a c o n t i n u i n g  a c t i o n  i t e m .  

5 .  H I G H  PRESSURE GASES AND C R Y O G E N I C S  

A common c o n v e r t o r  compresso r  f a c i l i t y  ( C C F )  s e r v i c e s  
LC 34 and 37, i n c l u d i n g  h i g h  p r e s s u r e  GH,. 
was s t a t ed  t h a t  t h e  C C F  h i g h  p r e s s u r e  G H e  sys tem c o u l d  n o t  

I n  R e f e r e n c e  1, it  
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s u p p o r t  l a u n c h e s  from LC 34 and 37 l e s s  t h a n  24  h o u r s  a p a r t .  
T h a t  s t a t e m e n t  was based on  p r e d i c t e d  u s a g e  f i g u r e s  p r e s e n t e d  
t o  t h e  LC 37B S i t e  A c t i v a t i o n  Board Meet ing  on November 4 ,  1965.  
Those f i g u r e s  showed t h a t ,  a f t e r  a l a u n c h ,  t h e  h igh  p r e s s u r e  
GHe compresso r s  r e q u i r e d  a 24-hour r e c o v e r y  t i m e  t o  r e p l e n i s h  
t h e  t a n k s  i n  a n  amount s u f f i c i e n t  t o  s u p p o r t  t h e  second  l a u n c h  
w i t h  a back-out c a p a b i l i t y  i n  t h e  e v e n t  t h a t  i t  was s c r u b b e d  
n e a r  T-0. A t  t h a t  t i m e ,  t h e  C D D T ' s  were h e l d  s e v e r a l  days  p r i o r  
t o  countdown. The p r e s e n t  o p e r a t i o n a l  p r o c e d u r e  i s  t o  go d i r e c t  
from t h e  C D D T ' s  i n t o  r e c y c l e  and countdown, t h u s  p l a c i n g  a n  
added l o a d  on t h e  C C F .  A c u r r e n t  i n v e s t i g a t i o n  shows t h a t  a 5- 
t o  6-day r e c o v e r y  t ime a f t e r  t h e  C D D T ' s  would b e  r e q u i r e d  by t h e  
p r e s e n t  C C F  equipment  b e f o r e  AS 205 c o u l d  be l a u n c h e d  (72-hour  
r e c y c l e  t o  l a u n c h  a f t e r  t h e  CDDT i s  p l a n n e d ) .  A l a rge  p o r t a b l e  
compressor  i s  e x p e c t e d  t o  be d e l i v e r e d  t o  K S C  i n  March, 1967.  
P r e s e n t  p l a n s  are  t o  permanent ly  i n s t a l l  t h a t  compresso r  a t  t h e  
CCF, which w i l l  p r o v i d e  t h e  r e q u i r e d  c a p a c i t y  n o t  o n l y  f o r  
A S  258,  b u t  f o r  o t h e r  d u a l  l a u n c h e s .  Another  s o l u t i o n  t h a t  
was i n v e s t i g a t e d  b y  K S C ,  b u t  r u l e d  o u t ,  was t o  c u t  down on t h e  
u s a g e  o f  G H e  b y  u s i n g  GN2 d u r i n g  t h e  middle  p o r t i o n  o f  t h e  p u r g e .  
O t h e r  g a s  s y s t e m s  of t h e  CCF a re  a d e q u a t e  f o r  t h e  d u a l  l a u n c h .  

The l a u n c h  v e h i c l e  c r y o g e n i c  s u p p l y  s y s t e m s  f o r  LC 34 
and 37 a re  independen t  o f  each  o t h e r  and do  n o t  c o n s t r a i n  t h e  
v e h i c l e  c r y o g e n i c  l o a d i n g .  R e p l e n i s h  r e q u i r e m e n t s  t o  p r o v i d e  
t h e  n e c e s s a r y  h o l d  and  r e c y c l e  c a p a b i l i t y  a re  d i s c u s s e d  i n  
paragraph 1 2 .  

6 .  DATA REDUCTION 

The f o l l o w i n g  l aunch  s u p p o r t  i s  i n c l u d e d  i n  t h e  
C e n t r a l  I n s t r u m e n t a t i o n  F a c i l i t y  ( C I F )  f u n c t i o n :  

a .  P r e f l i g h t  data  r e d u c t i o n ,  

b .  P r e f l i g h t  s i m u l a t i o n  and m o n i t o r i n g  o f  t e l e m e t r y  
data .  

c .  Real-time t e l e m e t r y  da ta  m o n i t o r i n g  and  real-t ime 
d i s p l a y s  i n  l aunch  c o n t r o l  c e n t e r s  ( L C C ) .  

d .  P o s t  f l i g h t  "quick  look"  da ta  r e d u c t i o n .  

e .  O f f - l i n e  computa t ions ,  t ape  l i s t i n g s ,  and 
assembly  o f  r o u t i n e s .  

S u p p o r t  o f  p re - l aunch ,  o f f - l i n e  c o m p u t a t i o n s  and  ma jo r  
t e s t s  o f  t h e  d u a l  p r e p a r a t i o n  r e p r e s e n t s  a p o t e n t i a l  s c h e d u l i n g  
c o n s t r a i n t .  But more i m p o r t a n t  i s  a p o s s i b l e  c o n f l i c t  between 
( a )  AS 205 p o s t  f l i g h t  data  r e d u c t i o n  r e q u i r e d  b e f o r e  AS 208 i s  
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l a u n c h e d ,  and ( b )  A S  208 t e r m i n a l  countdown. Normal ly ,  t h e  
d e t a i l e d  r e q u i r e m e n t s  would n o t  be  a v a i l a b l e  t o  t h e  CIF u n t i l  
a b o u t  90 days  b e f o r e  l a u n c h .  I n  t h i s  c a s e ,  w i t h  t h e  c a p a b i l i t y  
t o  s a t i s f y  t h e  r e q u i r e m e n t s  c o n s i d e r e d  m a r g i n a l ,  t h e  CIF i s  
u n a b l e  t o  make a d e f i n i t i v e  s t a t e m e n t  o f  t h e  a b i l i t y  t o  p r o v i d e  
the r e q u i r e d  s u p p o r t  u n t i l  more i n f o r m a t i o n  i s  a v a i l a b l e .  Yet, 
on t h e  o t h e r  hand,  i f  r e q u i r e m e n t s  t h a t  c a n n o t  be m e t  w i t h  e x i s t -  
i n g  c o n f i g u r a t i o n s  a re  l e v i e d  90 d a y s  b e f o r e  l a u n c h ,  l i t t l e  t i m e  
r e m a i n s  t o  work o u t  a s o l u t i o n  or work-around. Consequen t ly ,  i n  
a n  a t tempt  t o  r e s o l v e  t h i s  d i lemma and d e f i n e  t h e  problem,  a n  
a c t i o n  i t e m  was g i v e n  on December 7 by t h e  Rendezvous Miss ion  
Sub-working Group t o  MSFC, MSC, and K S C  ( J A / K A )  t o  have a p r e -  
l i m i n a r y  s t a t e m e n t  o f  t h e i r  r e q u i r e m e n t s  by J a n u a r y  18,  1967. 
These  r e q u i r e m e n t s  were r e q u e s t e d  i n  s u f f i c i e n t  d e t a i l  t o  p e r m i t  
an  a s s e s s m e n t  by t h e  CIF. A l l  p a r t i e s  conce rned  have  been 
c a u t i o n e d  t h a t  p o s t  f l i g h t  data  r e d u c t i o n  p r i o r  t o  A S  208 l a u n c h  
must be h e l d  t o  a minimum. 

A t  t h i s  t i m e ,  t he  CIF c a p a b i l i t y  t o  p r o v i d e  t h e  
n e c e s s a r y  AS 258 l a u n c h  s u p p o r t  must b e  c o n s i d e r e d  a p o t e n t i a l  
p roblem area.  It i s  n o t e d  t h a t  t h i s  was a l s o  l i s t e d  i n  
R e f e r e n c e  1 as a p o t e n t i a l  problem area for c l o s e l y  s p a c e d  
A A P  l a u n c h e s .  

7 .  C O M M U N I C A T I O N S  REQUIREMENTS 

A comprehensive r ev iew o f  t h e  K S C  communicat ion 
equipment  (data  t r a n s m i s s i o n ,  v o i c e ,  v i d e o ,  ETR i n t e r f a c e ,  e t c . )  
has been made b y  K S C .  Based on t h e  p r e s e n t  known r e q u i r e m e n t s ,  
i t  was found t h a t  a d e f i c i e n c y  o f  a b o u t  50 p i e c e s  o f  t e r m i n a l  
equipment  e x i s t e d ,  a l o n g  w i t h  a s h o r t a g e  of some c a b l i n g .  KSC 
i s  p u r s u i n g  t h i s  problem b y :  

a .  Reviewing r e q u i r e m e n t s  for p o s s i b l e  d e l e t i o n s .  

b .  I n v e s t i g a t i n g  means o f  p r o v i d i n g  added equipment .  

It  h a s  been  s t a t ed  t h a t  a n  o p t i o n  on a n  e x i s t i n g  c o n t r a c t  c o u l d  
b e  e l e c t e d  t o  p r o v i d e  t h e  equipment by  March, 1967,  i f  p r o p e r  
f u n d s  are  a v a i l a b l e .  

Communication equipment i s  a c o n t i n u i n g  problem area.  
However, i t  i s  b e i n g  a c t i v e l y  pu r sued  and i t  i s  e x p e c t e d  t h a t  
i t  w i l l  be  r e s o l v e d .  

8 .  TARGETING PARAMETERS 

A s  n o t e d  by Event  number 5 o f  Appendix A ,  a 1 0  second 
SPS c o n f i d e n c e  bu rn  i s  p lanned  a b o u t  5 h o u r s  a f t e r  CSM i n s e r t i o n .  



BELLCOMM, INC. - 7 -  

After t h e  SPS b u r n ,  t h e  C S M  o r b i t  must be  d e t e r m i n e d ,  A S  208 
t a r g e t i n g  p a r a m e t e r s  upda ted  by MCC-H, assessed by HOSC f o r  
per formance  c a p a b i l i t y ,  and t h e  t a r g e t i n g  p a r a m e t e r s  i n  t h e  
AS 208 LVDC u p d a t e d .  
E v e n t s  7 t h r o u g h  13 o f  Appendix A .  There a re  9 t a r g e t i n g  param- 
eters depend ing  on t h e  C S M  o r b i t  t h a t  w i l l  p o s s i b l y  r e q u i r e  a 
LVDC u p d a t e .  These are  g iven  i n  T a b l e  I f o r  i n f o r m a t i o n .  

The p rocedure  f o r  t h i s  u p d a t e  i s  g i v e n  by 

The p r e s e n t  p l a n  c a l l s  f o r  MCC-H t o  t r a n s m i t  t h e  
f i n a l  AS 208 t a r g e t i n g  pa rame te r  u p d a t e  t o  t h e  I U  LVDC v i a  t h e  
DCS i n  t h e  T-50 t o  T-40 minute  p e r i o d ,  w i t h  l o a d i n g  v i a  t h e  
R C A - 1 1 O A  c o n s i d e r e d  a backup mode. ( F i n a l  parameter u p d a t e  t o  
have  been  t r a n s m i t t e d  t o  KSC by  t e l e t y p e  and v e r b a l l y  v e r i f i e d  
between T-55 and T-40 m i n u t e s . )  T h i s  p r o c e d u r e  has some draw- 
backs- - readout  o f  i n f o r m a t i o n  entered by  t h e  D C S  and  a v a i l a b i l i t y  
of  t h e  R C A - 1 1 O A  f o r  u p d a t i n g .  

The b e s t  way t o  r ead  o u t  t h e  new LVDC t a r g e t i n g  
parameters, i f  t h e  DCS i s  used, has n o t  been r e s o l v e d .  P o s s i b l e  
ways a re  a s e c t o r  dump (10  m i n u t e s  r e q u i r e d )  o r  a s p e c i a l  sub-  
r o u t i n e  t o  read o u t  j u s t  t h e  9 parameters i n v o l v e d .  T h i s  
q u e s t i o n  i s  b e i n g  p u r s u e d .  A l so ,  i t  i s  n o t  l i k e l y  t h a t  t h e  
l a u n c h  would be made i f  s a t i s f a c t o r y  r e a d o u t  o f  t h e  upda ted  
parameters c o u l d  n o t  b e  accompl ished .  More i n f o r m a t i o n  on  t h e  
command s y s t e m  i n t e r f a c e ,  i n c l u d i n g  s y s t e m  b l o c k  d i a g r a m s ,  i s  
g i v e n  i n  R e f e r e n c e s  2 and 3. The  p r e s e n t  b e l i e f  by K S C - J A  
p e r s o n n e l  i s  t h a t  t h e  RCA-11OA would n o t  be  a v a i l a b l e  t o  u p d a t e  
t h e  parameters as  a backup mode a t  a b o u t  T-30 minures .  That  i s ,  
a t  t h a t  t i m e  t h e  R C A - 1 1 O A  i s  f u l l y  u t i l i z e d ;  t o  e n t e r  new c a r d s  
and  i n t e r r u p t  t h e  r o u t i n e  would j e o p a r d i z e  m e e t i n g  t h e  l a u n c h  
window. 

A c t u a l l y ,  t h e  R C A - 1 1 O A  i s  p re fe r r ed  as t h e  pr ime 
u p d a t e  mode, w i t h  t h e  DCS f u n c t i o n i n g  a s  a backup.  F u r t h e r  
i n v e s t i g a t i o n  i s  underway b y  MSC and  K S C  t o  d e t e r m i n e ,  ( a )  if 
t h e  f i n a l  data can  b e  made a v a i l a b l e  a t  a b o u t  T-90 m i n u t e s ,  and  
( b )  i f  t h e  R C A - 1 1 O A  can  b e  made a v a i l a b l e  t o  pe r fo rm t h e  u p d a t e  
a t  t h a t  t i m e .  T h i s  remains an open a c t i o n  i tem.  

9. BUILT-IN HOLDS 

The past  K S C / J A  ph i lo sophy  on b u i l t - i n  h o l d s  l a t e  i n  
t h e  countdown f o r  work ca t chup  was t h a t  t h e y  would n o t  be  u s e d .  
T h i s  p r o c e d u r e  was based on p r o c e e d i n g  t o  l a u n c h  w i t h o u t  d e l a y  
o n c e  t h e  v e h i c l e  was ffbrought-up ' f  f o r  l a u n c h .  The r e l a t ed  A S  205 
1 1/2-hour  and  AS 208 14-minute l a u n c h  windows impose c o n s t r a i n t s  
n o t  h e r e t o f o r e  e n c o u n t e r e d  i n  S a t u r n  l a u n c h e s .  
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TABLE I 

AS 208 TARGETING PARAMETERS 

R a d i u s  a t  I n s e r t i o n ,  Meters 

I n e r t i a l  V e l o c i t y  of  S-IVB a t  C u t o f f ,  M/Sec. 

I n e r t i a l  V e l o c i t y  d e s i r e d  a t  I n s e r t i o n ,  M/Sec. 

T n e r t i a l  F l igh t .  P a t h  Angle Retween V e l o c i t y  
V e c t o r  and Loca l  H o r i z o n t a l  a t  I n s e r t i o n ,  Deg. 

igm R 

vc 0 

'igm 

igm 

I n s t a n t a n e o u s  I n c l i n a t i o n  o f  AS 208 P l a n e  
T a r g e t e d  for a t  I n s e r t i o n ,  Deg. igm 

i 

Nodal T a r g e t i n g  Parameter, t h e  Angle Between 

P l a n e  Descending Node a t  t h e  P r e d i c t e d  T i m e  
o f  Guidance Refe rence  Release, Deg. 

eigm t h e  AS 2 0 8  Launch Pad Mer id i an  and t h e  T a r g e t  

Ea r th -F ixed  R e g r e s s i o n  Rate o f  t h e  T a r g e t  
P l ane  ( I n c l u d i n g  E a r t h ' s  R o t a t i o n  Ra te ) .  e igm 

AS 208 F l i g h t  Azimuth, Clockwise  from Nor th ,  Deg. A Z  

t P r e d i c t e d  Time o f  LV Guidance R e f e r e n c e  R e l e a s e  
(Approx. 5 Sec.  Before  A c t u a l  L i f t o f f ,  H R :  M1N:SEC 
o f  G M T .  
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Because o f  t h e  window c o n s t r a i n t s ,  KSC-JA h a s  p ro -  
posed  a 1 t o  1 1 / 2  hour  b u i l t - i n  h o l d  i n  t hese  countdowns t o  
a l l o w  f o r  p o s s i b l e  work c a t c h u p .  The ho ld  i s  p roposed  f o r  
a f t e r  p r o p e l l a n t  l o a d i n g  and p r i o r  t o  f l i g h t  crew i n g r e s s  f o r  
AS 2 0 5  and j u s t  p r i o r  t o  b r i n g i n g  RF sys t ems  up f o r  l a u n c h  f o r  
AS 208 (T-60 t o  T-30m) .  The q u e s t i o n  was p r e v i o u s l y  ra i sed  as 
t o  why n o t  have a b u i l t - i n  hold  j u s t  p r i o r  t o  s t a r t  o f  t h e  
a u t o m a t i c  s equence  a t  T - 1 6 3  s econds .  I n  t h a t  c a s e ,  S-IVB 
c h i l l d o w n  would l i m i t  a p lanned  ho ld  t o  l e s s  t h a n  5 m i n u t e s .  

Hold c a p a b i l i t y  t h r o u g h  t h e  1 1 / 2  hour  CSM l a u n c h  
window and t h e  1 1 / 2  hour s  between t h e  2 d a i l y  LM l a u n c h  windows 
i s  r e q u i r e d .  I f  a 1 1/2 hour  b u i l t - i n  h o l d  i s  added t o  t h i s ,  
a t o t a l  o f  3 h o u r s  h o l d  c a p a b i l i t y  i s  r e q u i r e d  f o r  b o t h  AS 2 0 5  
and 208 .  I n  a n  e x a m i n a t i o n  o f  t h e  A p o l l o / S a t u r n  V Hold and 
Recycle  C a p a b i l i t y  ( R e f e r e n c e  4), i t  was conc luded  t h a t  CSM/LM 
c o n s t r a i n t s  f rom comparable  p e r i o d s  i n  t h e  countdown l i m i t e d  
t h e  h o l d  c a p a b i l i t y  t o  4 hours .  T h e  h o l d  and r e c y c l e  s t u d y  
work has been r e f i n e d  and ex tended  by KSC-GE t o  LC 34 (CSM) and 
LC 37 (LM) ( R e f e r e n c e s  5 and 6 ) .  Those r e p o r t s  conf i rmed  t h e  
4 hour  h o l d  c a p a b i l i t y .  However, l a t e r  i n f o r m a t i o n  i n d i c a t e s  
t h a t  t h i s  f i g u r e  may have been o p t i m i s t i c  f o r  t h e  CSM f u e l  
c e l l / c r y o g e n i c  sys t em.  

T h e r e  d o e s  not  appea r  t o  b e  any problem i n  a b u i l t - i n -  
h o l d  f o r  AS 208.  KSC-KA i s  t a k i n g  a more d e t a i l e d  look  a t  t h e  
CSM t o  d e t e r m i n e  i f  a 1 1 / 2  hour  b u i l t - i n  h o l d  imposes any r e a l  
c o n s t r a i n t s .  

10. LAUNCH CREW AVAILABILITY 

Launch crew a v a i l a b i l i t y  has l o n g  been c o n s i d e r e d  a 
p o t e n t i a l  p roblem f o r  c l o s e l y  spaced  l a u n c h e s .  T h i s  problem 
i s  b e i n g  c l o s e l y  examined, c o v e r i n g  t h e  a s p e c t s  o f  crew 
r e q u i r e m e n t s ,  crew a v a i l a b i l i t y ,  c o n t r a c t u r a l  s c o p e ,  and  
a v a i l a b l e  r e s o u r c e s .  Whether l a u n c h  crew a v a i l a b i l i t y  
w i l l  c o n s t r a i n  t h e  l a u n c h  o p e r a t i o n s  i s  no t  f u l l y  d e f i n e d  and 
r ema ins  a c o n t i n u i n g  a c t i o n  i t e m .  

11. MSC/GSFC INTERFACES 

A t  t h e  p r e s e n t  t i m e ,  t h e  MSC/GSFC i n t e r f a c e s  do n o t  
a p p e a r  t o  o f f e r  c o n s t r a i n t s .  These are b e i n g  f u r t h e r  
i n v e s t i g a t e d  by  MSC and GSFC. 

12. HOLD & RECYCLE CAPABILITY 

Both t h e  need for a b u i l t - i n  ho ld  c a p a b i l i t y  and t h e  
p r e s e n t  h o l d  c a p a b i l i t y  were d i s c u s s e d  i n  p a r a g r a p h  9 .  These  
a r e  c o v e r e d  i n  more d e t a i l  i n  R e f e r e n c e s  5 and 6 .  Except  f o r  



BELLCOMM, INC. - 10 - 

a r e - e x a m i n a t i o n  of t h e  CSM f u e l  c e l l / c r y o g e n i c  h o l d  c a p a b i l i t y ,  
t h e r e  d o e s  n o t  a p p e a r  t o  b e  any s e r i o u s  problem i n  m e e t i n g  t h e  
h o l d  r e q u i r e m e n t .  It i s  no ted  t h a t  LH2 s t o r a g e  t a n k  r e p l e n i s h -  
ment w i l l  b e  r e q u i r e d  f o r  b o t h  LC 34 and 37 ( R e f e r e n c e s  5 and 6 )  
t o  s a t i s f y  a p o t e n t i a l  3 hours  t o t a l  h o l d  t ime .  It i s  m a r g i n a l  
as t o  whether  t h e  LOX s t o r a g e  t a n k s  would r e q u i r e  r e p l e n i s h m e n t  
f o r  t h e s e  ho ld  t imes.  
d e f i n i t e l y  r e q u i r e  r e p l e n i s h m e n t  f o r  a s c r u b  and r e c y c l e .  

Both LH2 and LOX s t o r a g e  t a n k s  would 

The problems i n v o l v e d  and f e a s i b i l i t y  of  c o n s i d e r i n g  
a 2 4  hour  h o l d  were n o t  d i s c u s s e d  i n  R e f e r e n c e  5 or 6 .  CSM 
f u e l  c e l l / c r y o g e n i c  sys tem c o n s t r a i n t s  p r e c l u d e  silch a h o l d  
from l a t e  i n  t h e  AS 2 0 5  countdown. However, t h i s  c a p a b i l i t y  
would b e  o f  l e s s  v a l u e  f o r  AS 2 0 5  t h a n  2 0 8 .  A s  n o t e d  i n  
Hefeilence 5 ,  t h e  A S  2 0 8  r e c y c l e  t i m e  r e q u i r e d  a f t e r  a s c r u b  
l a t e  i n  t h e  countdown i s  45 .5  h o u r s .  Such a s c r u b  would mean 
a minimum o f  two d a y s  s l i p p a g e  i n  t h e  LM l a u n c h .  A 211 hour  
h o l d  c a p a b i l i t y  f rom l a t e  i n  t h e  countdown would r e d u c e  t h i s  
b y  one d a y .  An a t t e m p t  a t  such a 2 4  h o l d  a f t e r  LV c r y o g e n i c  
l o a d i n g  would i n t r o d u c e  new c o n s t r a i n t s  r e q u i r i n g  i n v e s t i g a t i o n .  
Some o f  t h e s e  q u e s t i o n s  a re :  

Can t h e  LV w i t h s t a n d  t h e  p ro longed  c o l d  s o a k ,  c o n s i d e r i n g  
p o s s i b l e  sys t em d e g r a d a t i o n ?  

Can t h e  LV c r y o g e n i c  s t o r a g e  t a n k s  b e  r e p l e n i s h e d  a t  
t h e  s u s t a i n e d  r a t e  r e q u i r e d  f o r  t h i s  ex tended  h o l d ?  

I n  R e f e r e n c e  6 ,  t h e  A S  2 0 5  CSM r e c y c l e  t i m e  f rom l a t e  
i n  t h e  countdown ( a f t e r  LV c r y o g e n i c  l o a d i n g )  was g i v e n  as  50  
h o u r s ,  w i t h  no p r o v i s i o n  f o r  s e r i a l  r e p a i r  t i m e .  Such a r e c y c l e  
would t h e n  i n v o l v e  a l a u n c h  s l i p p a g e  o f  t h r e e  d a y s .  A s  n o t e d  
i n  p a r a g r a p h  2 ,  a s l i p p a g e  i n  t h e  AS 205 l a u n c h  c a u s e s  a day- 
fo r -day  s l i p  i n  t h e  AS 208 l aunch  (AS 2 0 8  l a u n c h  countdown 
underway a t  s c h e d u l e d  l a u n c h  t i m e  o f  AS 2 0 5 ) .  The r e c y c l e  
o p e r a t i o n s  f o r  b o t h  AS 205 and 208,  b u t  p a r t i c u l a r l y  A S  205,  
s h o u l d  be  re-examined for means o f  s h o r t e n i n g .  A s l i g h t  com- 
p r e s s i o n  o f  t h e  AS 2 0 5  r e c y c l e  o p e r a t i o n  would c a u s e  o n l y  a 
2 day s l i p  w i t h  some p r o v i s i o n  f o r  s e r i a l  r e p a i r  t i m e .  Some o f  
t h e  p o s s i b l e  areas  f o r  i n v e s t i g a t i o n  t o  o b t a i n  improvement a r e :  

Leng then ing  o f  t h e  LV b a t t e r y  q u a l i f i e d  l i f e t ime  from 
72  h o u r s  t o  d e l e t e  chang ing  o f  t h e s e  b a t t e r i e s .  

P o s s i b i l i t y  of  s e r v i c e  s t r u c t u r e  r e t u r n  t o  t h e  v e h i c l e  
e a r l i e r  i n  t h e  d e t a n k i n g  and p u r g i n g  p r o c e s s  ( s a f e t y  c o n s t r a i n t ) .  

R e d u c t i o n  of S - I V B  l e a k  check  r e q u i r e m e n t s .  
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1 3 .  C-BAND AND TRACKING REQUIREMENTS 

The ETR h a s  a d v i s e d  t h a t  t h e r e  i s  a p o s s i b i l i t y  t h a t  
t h e  MILA C-Band TPQ-18 r a d a r  w i l l  be  r e q u i r e d  e l s e w h e r e  and  
may be removed. I f  s o ,  t h e r e  w i l l  n o t  be  C-Band s e r v i c e  f rom 
M I L A  f o r  3 t o  8 mon ths .  KSC ( N C )  i s  working  t o  p r o v i d e  t h e  
o f f i c i a l  KSC p o s i t i o n  on t h e  C-Band r e q u i r e m e n t  t o  t h e  ETR. 
T h i s  i s  a p o t e n t i a l  p rob lem a r e a  o f  a c o n t i n u i n g  n a t u r e .  KSC 
i s  a l s o  r e - e v a l u a t i n g  t h e  a c c e p t a b i l i t y  of SP 1 0 4  van  c a p a b i l i t y  
for beacon i n t e r r o g a t i o n  i n  l i e u  of  t h e  TPQ-18.  

2 0 3 2 -HE S- gmp ,fl-r* H .  E .  ephens  

A t  t a c  hme n t  s 
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Appendix A 
Appendix B 

C o p i e s  t o  
M e s s r s .  C .  H .  B o l e n d e r  - NASA/MO-1 

L .  E .  Day - NASA/MAT 
T.  A .  Keegan - NASA/MA-2 
R .  0. M i d d l e t o n  - NASA/MO-3 
R .  V .  Murad - NASA/MAT 

G .  M .  Anderson 
C .  Bidgood 
H .  F .  Connor 
D .  R .  Hagner 
J .  J .  H i b b e r t  
W .  C .  H i t t i n g e r  
B .  T .  Howard 
B. Kaskey 
J .  L .  M a r s h a l l  
J .  Z .  Menard 
I .  D .  Nehama 
T'. L .  Powers 
P .  E .  Reynolds  
I .  M .  Ross  
T .  H .  Thompson 
G .  B. T r o u s s o f f  
R .  L .  Wagner 

C e n t r a l  F i l e s  
Depar tment  1 0 2 3  
D ep  a r t  me n t 2 0 3 2 
L i b r a r y  



I 

BELLCOMM, INC.  

REFERENCES 

1. D i s c u s s i o n  of A A P  Launch O p e r a t i o n s  - Case 2 1 8 ,  Bellcomm 
Memorandum o f  J a n u a r y  1 9 ,  1 9 6 6 ,  by H. E. S t e p h e n s .  

2 .  Bellcomm Memorandum for F i l e ,  "MCC-H/KSC I n t e r f a c e  
T e s t i n g  for AS 2 0 4  and AS 501 - Case 330 , "  d a t e d  
1 0 / 1 3 / 6 6 ,  by V .  M u l l e r .  

3. Bellcomm Memorandum for File, "Abort Advisory System - 
Case 330 , "  d a t e d  i i j 3 0 j 6 6 ,  b y  V. ivlulier.  

4 .  "Revised  A p o l l o / S a t u r n  V Hold C a p a b i l i t y  and Recyc le  
Requ i remen t s ,  Case 330 , I '  TM 65-2032-4 ,  d a t e d  11/5/65,  by 
C .  H. E l e y  111, V .  Muller, and H .  E .  S t e p h e n s .  

5 .  "Space V e h i c l e  T'urnaround Complex 37 ," KSC-GE, d a t e d  
1 1 / 2 9 / 6 6 ,  by W. A. Thomas, J r .  

6 .  "Space V e h i c l e  Turnaround Complex 3 7 ,  KSC-GE, d a t e d  
1.2/6/66, by  R. W. Mundy and I .  Broome. 



m o o  0 0  
0 0 0  0 0  

0 0 0  W O  
r i 0 r - l  r i m  

. . . . . .  . . . .  

. . . . . .  . . . .  

0 
0 

t-- 
N 

u) 
0 

.. 

.. 

0 0  
0 0  

r- or- 
c u Q N  

u ) r i  
O N  

. . . .  

. . . .  

0 0  
0 0  

+ o r -  
N Q i n  

r l r l  
N c u  

. . . .  

. . . .  

c, 0 
(3 0 

t- r- 
0 0 

.. .. 

.. .. 
cu rv 
N cu 

O c u M  m m  
0 0 0  0 0  

c 
0 
-4 

'a 
(d cj 

a 
0 
0 
Ti  

X 
a, 
zz 
k 
0 

k 
ri 
3 
U 

si 
a, 

n, cc, d 

x 
H 
n z 
W 
Pi 
Pi 
4 

h O a ,  zc, 
m 
bo c 

.rl 

r. 
U 

Lnrr)!% 
o s i m  

r- 
c, c 
ho 
-ri 

m 3  
4 E  > 

0 
-!-> 0 
a, bo 

a, 
rl 
0 
h 
0 

a 
a, 
a, 
ri 
rn 

c, c 
a, > w 

m 
3 
H 

I 
v2 

VI 

4: 
k 
cd 
E a 
d 
cd 
4 
rn 

E 
0 
k 
k 
a, a 
3 
a, 
k u 

& 
0 
k 

rt.4 

m 
a, 
c, 
cd 
k 
cd a 
a, 
m 

u 3  

k 
3 
0 c 
uj 
-I 

c 
.rl 
ho 
a, 
m 

cd -4 
o x  

U c d l  
A 

h 
r-i c 
0 

m c d  
O k  
P4-0  

m 
5 

0 z 
F, c rl 
a, > 
W 

W cn 0 rl 
rl rl 



r 

4 

0 0  o c o  
L n J  M N  0 

0 0  0 0  0 0  
0 0  0 0  0 0  

+ O b  P - m  c - r -  
Moa L n L n  N M  

N N  N N  M M  
N N  N N  N N  

. . . .  . . . .  . . . .  

. . . .  . . . .  . . . .  

0 
0 

0 0  
a 0  .. 

Ln 
J 

M 
c\J 

.. 
. . . .  
0 o m  
r i Q 3  

4 - 3  
m c \ J  

. . . .  

n 
a - 0 

u 
ma, 

0 
M 
a3 

2 2  

4 
N 

W 

4 

x 
H 

m 
r- 
M 

u 
c-7 

c, c 
a, > w 

E 
0 
k 
6( 

c 
0 c 
3 
cd 

r-i 

a3 
0 
cu 
m 
4 mv\L )  -r-i u a  

0 z 
c, c 
a, > w 

M 
r-i 

N 
ri 

UJ 
rl 

r- 
ri 



1 

T 

E 

l 
'R 
.D 
ii 

MARCH 

JRN m 
f 
f I I I 

I 
I 



8 -2 

II'APOLLO SATURN 258 I I  rn DATE 

1 
3 
b 
- R 

K 
P 

i 

! 

I 



JUNE 

I 

i 
L 

B -3 
JULY 

'LUGS 
ORD It 

I I 

I 

E! 1 
I 



s 

1 I 



r 

7 w II I! 

r 
I 

II 'El A 

A 

1 1 
FI 

L 

m 
Lt 

MAY 

n 

P !h 

P 
w- 'PLICAT 

P w 
K H  SEI 

OPTIC4 

Q' 



I P 
1 
i 

Y 

)AT 2 

'F 
, 
L i J  

'I 
f 

s - N 

JUL 

1-- --- 

APPENDIX l3-k 



n 

E *c w o  

n 
d 
c 

-e, c 
0 
u 

4 

X 
H a x w 
P, 
PI 
4 

v 

c, c 
a, 
5 w 

0 
z 

0 
0 

Ln 
=r 

a 
cu 

.. 

.. 

co 
rl 

03 
PI 
I% 

Ln 
M 

0 
0 

a3 
J 

In 
(\I 

.. 

.. 

. .  
a, 

E G O  rl 
tncda- rl uErl - 

0 
cu 

0 0 0 0  
0 0 0 0  . . . . . . . .  
o o l n o  
M M O C U  

\ O b c o O  
C U C U C U M  

. . . . . . . .  

cd 
d 
I= 
k 
0 
k 
d 
rl 
cd u 
k 
a, > 
0 

3 
? 
\ 

H 
I 

v3 

a 
c, 
*d 
5 

$ 
0 > 
N 
a, a c 
a, 
k 
E 
cfl 
u 

E J 
c 
c, 
.rl 
3 
(11 
4: 
0 
0 a 
a 
k 
cd c 
E 
cfl u 

a 
3 
H 
I 

v3 

E 
0 
k 
k 

F: 
0 
d 

cd 

a 
a, 
m 

9 

3 
\ s m u 

0 
0 .. 
L n  
0 

rl 
M 

.. 

a d  

E 

6 
0 
M 
rl 

c, 
cd 

c, 
d 
P 
k 
0 

10 
a, 
N 
d 
k 
cd 
rl 
3 
0 
k 
d 
0 

E 
d 
\ 

u 
5 

a, 
rl 
u 
h 
0 

a 
a, 
a, 
rl 
10 

k 
3 
0 c 
u3 
rl 

F: 
d 
ho 
a, la 

L n w  
C U N  


